N THIS WORK, chitosan solution in aqueous acetic acid used to produce both bulk and nano sized chitosan as finishing agent for cotton and silk fabrics using different coating techniques; pad-dry-cure (for bulk chitosan) and electrospraying (for nano chitosan). The treated fabric samples were characterized via FTIR, XRD and SEM. The obtained coated samples were evaluated for their antibacterial activity towards both E. coli (Gram -ve) and S. aureus (Gram +ve) bacteria. Also, the treated samples were assessed for ultraviolet protection degree through measuring the ultraviolet protection factor (UPF). Moreover, the wettability of the treated samples was evaluated through measuring the contact angle of water droplet on the fabric surface. Additionally, the electrical conductance and capacitance of all treated samples were measured. The obtained nano coated chitosan fabrics have proved to be of high potential eco-friendly and cost-effective products to be used for hygiene, medical and electromagnetic shielding applications.
Introduction
Electrospinning has gained popularity in the last 10 years due to the increased interest in nanoscale properties and technologies. This technique allows for the production of polymer fibers with diameters varying from 3 nm to greater than 5 µm [1] . Electrospinning is a straightforward and versatile technique for fabrication of nanofibers from a variety of polymer solutions. Nanofibers with high surface area to volume ratio, high porosity and small fiber diameter make them ideal materials for biomedical applications [2] .
Electrospraying is a process similar to electrospinning but is used when the viscosity of the liquid is sufficiently low. It is well known that viscosity of a polymer solution is the characteristic of intermolecular interactions between polymer chains. The high viscosity of chitosan solution is due to the strong hydrogen bonding between NH 2 and OH groups of chitosan polymer chains [3] . The electric charge draws the liquid from the capillary nozzle in the form of a fine jet, which eventually disperses into droplets. The droplets produced by electrospraying are highly charged and can be smaller than 1 mm. The size distribution of the droplets is usually narrow, with low standard deviation [4] . In electrospraying the size of the droplets can be controlled mainly by the liquid flow rate, and the droplet charge by adjusting the voltage applied to the nozzle. The charged aerosol is self dispersing, which prevents the droplets from coagulation [5] .
Due to the environmental and toxicological concerns about the use of heavy metals for the production of NPs, researchers have been recently exploring the use of biopolymers such as chitosan in the antimicrobial finishing of textiles [6, 7] . The existence of -NH 2 groups on the chitosan backbone ( Fig. 1) [8, 9] provides several unique chemical and biological properties such as biocompatibility, antibacterial properties, heavy metal ion chelation ability, gel-forming properties and hydrophilicity [10] [11] [12] . However, the research on chitosan NPs for textile applications is limited because most of the literature is based on the use of bulk chitosan as a coating or finishing agent. Antimicrobial fabrics with nanocoated chitosan have proved to be a durable, cost-effective and eco-friendly process [13] . Some research has shown, however, that chitosan NPs have a less inhibiting effect on some kinds of bacteria, while conversely, other researchers reported that chitosan NPs exhibit higher antibacterial activity due to the NP's larger surface area and higher affinity with bacteria cells, which yield a quantumsize effect [14] [15] [16] . These contradictory results suggest that the antimicrobial mode of action of chitosan is not a simple mechanism but needs further investigation. However, electrospinning of biopolymer solutions has proven to be difficult due their poly cationic nature, low chain flexibility opposing chain entanglement, and poor solubility in organic solvents [17] .
Electrical conductivity of textile fabrics has gained great interest among researchers; because of the traditional fibers used in the textile fabrics are electrically insulating materials. So, adding some conductivity can bring new usage areas for textile fabrics, especially for health-related topics like antistatic and electromagnetic shielding [18] . Electroconductive textile fabrics can be obtained using several methods such as; chemical coating, metallization, electroless deposition, the insertion of metallic yarns, and the deposition of thin layers containing conductive fillers as carbon nanotubes and carbon black particles [19] .
In this paper the traditional surface coating (pad-dry -cure) and electrospraying processes were tested as tools for the production of treated cotton and silk modified fabrics with respect to its application for medical, and electromagnetic shielding use. The suitability of the two main processes was investigated.
Experimental

Materials and Chemicals
The tests were carried out on pure silk and cotton fabric samples; where: silk is 69 g/m 2 in weight and 0.13 cm in thickness and cotton is 165 g/m 2 and 0.29 cm thickness. All the used chemicals (low molecular weight chitosan, glacial acetic acid, and agar) were of laboratory grade chemicals.
Methods
(2% w/v) chitosan was dissolved in 10% acetic acid then shacked on magnetic stirrer for three hours before using.
Fabric Treatment
Each of silk and cotton fabric samples was modified with two different methods, i.e. pad-drycure and electrospraying method. Where, in the first method, the fabric samples were individually immersed and soaked in the prepared chitosan solution for 7 minutes under magnetic stirrer, followed by passing though a padding mangle to ensure complete pick up of the suspended material and remove the excess solution, this sequence is repeated three times for each sample to assure maximum amount of chitosan adhesion. Then the samples were dried in an oven at 150°C for 3 minutes then thermo-fixed at 100°C for 5 minutes. Used liquor ratio was 1:50.
In the second technique, the fabric samples were subjected to electrosprayed chitosan solution using Electrospinning instrument of model -NaBond-made in China. The polymer was pumped from 20 mL syringe into a needle gauge of 8µm inner diameter. A power supply voltage of 20 kV was conducted to the solution. The distance between the tip and the collector was maintained as 12.5 cm. The flow rate was set at 10 ml/h and spinning was performed for 2 hours. Aerosols were received on the fabrics surfaces suspended on a rotating cylinder collector.
Testing and Analysis
Antibacterial Assessment Escherichia coli (E. coli) (Gram negative bacterium) and Staphylococcus aureus (S. aureus) (Gram positive bacterium), were used for estimation of antibacterial activities. Each kind of the used bacteria was colonized on agar medium. This medium was sterilized for 20 min at 121°C under pressure. Fresh inoculants for antibacterial assessment were prepared on agar nutrient at 37°C for 24 hours [18] .
Evaluation of ultraviolet Protection Degree
UPF is actually the measure of UV radiation (UVA and UVB) blocked by the fabric. Higher UPF value means more blocked UV radiation [19] . The transmittance and UPF values of the examined fabric samples were measured using a Varian (UV-VIS-NIR) spectrophotometer. The UPF value of the fabric therefore is determined from the total spectral transmittance all over the range. Whereas, the UV-B Transmittance was measured in the range 290-315 nm, while the UV-A Transmittance was measured in the range 315-400 nm.
Fabric Wettability
Contact angle measurements were carried out using video microscope (CVM) SDL-UK, with horizontal plate camera. The surface wettability was evaluated from the value of the contact angle measured with a drop of distilled water on the surface of the samples. The volume of the drops was maintained as 250 µL [20, 21] . The reported angle is an average of 5 measurements on different areas of each sample.
Electrical Conductance
The conductance (nano Siemens/cm) and the capacitance (pico farad) of all treated fabric samples were measured using LCR meter, EUg8A-Agilent -USA. The applied frequency= 1 KHZ and voltage level= 1v [22] .
Fourier Transform Infrared Spectroscopy (FTIR)
FTIR spectra of the samples under test were recorded by means of a Nicolet 380 Spectrometer using a zinc selenid crystal, in the wavelength range 650-4000 cm-1. To ensure reproducible contact between the crystal face and the fabric, a pressure of approximately 18 Kpa was applied to the crystal holder. The FTIR absorbance frequencies for the treated samples were recorded with an average of 28 scans by using a resolution of 4 cm -1 .
X-ray Diffraction (XRD)
X-ray diffraction measurements of all the untreated and treated samples were carried out using aScintag (USA) Diffractometer of Cu k radiation operated at 45 kv, 40 mA at a wavelength λ= 154.6 cm -1 . The diffractograms were recorded with diffraction angle 2θ ranging from 0 to 40° with a scan rate 2°/minute.
Scanning Electron Microscopy (SEM)
The Scanning Electron Microscope for all the tested samples were carried out using SEM Model Quanta 250 FEG (Field Emission Gun) attached with EDX Unit (Energy Dispersive X-ray Analyses) Netherlands, with accelerating voltage 30 KV, magnification14x up to 1000000 and resolution for Gun.1n. A gold layer was deposited on the samples before analysis.
Results and Discussion
Antibacterial Assessment
The antibacterial activities of the uncoated and coated fabric samples against gram +ve and gram -ve bacteria are mentioned in Table 1 . Regarding to the gram +ve bacteria (staphylococcus), it is observed that, the tested cotton samples show a gradual increase in their resistivity to the bacterial growth from poor, fair to good resistance which is the same behavior of the tested silk samples.
When considering the gram -ve bacteria (ecoli), it is observed that the tested cotton and silk samples show the same attitude towards the bacterial resistance, i.e. gradation from poor, good to very good resistance with the different treatments as shown in Table 1 . Moreover, it is noticed that, the electrosprayed cotton and silk samples give a clear inhibition zone, i.e. meaning very good resistance towards the gram -ve bacteria compared to the gram +ve bacteria.
Comparing the two treatment techniques used, it is clarified that, samples treated with chitosan using the electrospraying technique gave the best results than those of the samples treated with the pad-dry-cure method. This result may be explained according to the nano chitosan particles yielded from electrospraying which exhibit higher antibacterial activity due to the larger surface area and higher affinity with bacteria [23] . Additionally, the behavior of the treated and untreated fabrics towards the gramve bacteria was better (more resistive) than their attitude towards the gram +ve bacteria. This could be due to the fact that, gram +ve bacteria have a thicker and more rigid peptidoglycan cell wall. Therefore, the antibacterial activity of treated samples with nano chitosan as an antibacterial biopolymer against gram +ve bacteria is less than gram -ve bacteria [24] .
UV Protection Degree
UPF is actually the measure of UV radiation (UVA and UVB) blocked by the fabric. Higher UPF value means more blocked UV radiation. It is obvious from Table 2 that, UPF values of cotton samples are greater than those of silk samples whether treated or blank. This may be due to the fact that, UPF is strongly dependent on the chemical structure of the fibers where the nature of the fibers influences the UPFs as they vary in UV transparency [25] . Cotton fabric provides a higher UPF because the natural pigments, pectin, and waxes act as UV absorbers especially, the tested samples are not bleached.
The UPF values of all the treated fabric samples are higher than those of the blank ones referring to more UV protection, i.e. for cotton it showed good protection (19.29 and 21.8) while silk offered poor to good UV protection degree after treatment (9.61 and 17.89). Also, the samples coated with nano chitosan using the electrospraying method had greater UV protection degree than those coated with the traditional paddry-cure method. This could be due to the higher surface area to volume ratio resulting from the electrospraying leading to UPF increase, since UPF is greatly affected by the fabric density, constitution and thickness [26] .
Contact Angle and Wettability Measurement
The surface wettability of the untreated and treated fabric samples was evaluated from the values of the contact angle measured with a drop of distilled water on the surface of the samples. The obtained results are shown in Fig. 2 . According to the results, the blank (untreated) cotton sample showed a contact angle less than 90° which may be due to the presence of hydroxyl groups in the cellulose structure, so the water droplet spread on the fabric surface in a short time representing the hydrophilic nature of cotton fabric [23] . Chitosan coated cotton samples (either with pad-dry-cure or electrospraying) had a contact angles less than 90° but still more than the contact angle of the uncoated sample. This means that, the surface hydrophilicity reduced due to the interaction between cellulose and chitosan polar groups. This is the same attitude of the tested silk samples, which showed decreasing in the hydrophilicity behavior after coating with chitosan. Although, the contact angle of both fabric samples coated with electropsprayed chitosan is larger than the contact angle of their corresponding samples using pad-dry-cure coating method, yet the silk fabric samples had lesser hydrophilicity than cotton samples as shown in Fig. 2 . We can say that, chitosan acted as a hydrophobic layer on the surface of both fabrics; cotton and silk.
Electrical Conductance
The electrical conductivity of the textile fabrics has become an interesting issue in the last decade because of the numerous uses could be added to the fabric on adding this property. Electrical conductance is the ease with which an electric current passes, while capacitance is the ability of a body to store an electric charge. Any object that can be electrically charged exhibits self-capacitance [27] [28] . Results listed in Table  3 show the variation in the conductance and capacitance between the untreated and treated fabric samples.
It is noticed that, the conductance of cotton samples increased with about 173% and 800% for traditionally coated and electrosprayed coated samples respectively, comparing to the untreated cotton ones. While the capacitance decreased with about 67% and 97% for both coating techniques. Moreover, the examined silk samples showed conductance increment of about 244% and 777% for pad-dry-cure and electrospraying techniques respectively, comparing to those untreated silk samples. Nevertheless, the decrease in the capacitance of coated silk samples was around 91% and 63% for both coating techniques respectively. It is clear that, electrospraying coating technique produced highly conductive fabrics with decreasing their ability to store the electric charge (decreasing capacitance). So, the produced samples could be subjected to the electromagnetic shielding uses [29] .
FTIR Analysis
The FTIR spectra of the uncoated and coated cotton and silk fabric samples using pad-dry-cure and electrospraying methods are presented in Fig.  3 & 4 respectively. The comparison of the spectra shows the evidence of typical peaks of chitosan as follows: around 3400cm −1 assigned to NH and/or OH stretching vibration, at ≈ 2900cm −1 due to CH 3 symmetric stretching. Other typical peaks around 1640cm −1 assigned to C=O stretching vibration, 1440 cm −1 C-N stretching vibration, ≈ 1370 cm −1 CH 3 bending vibration and ≈1160cm−1 assigned to C-O-C bending vibration [30] . While, peaks at ≈ 1515cm −1 and 1068cm −1 assigned to NH bending in amide group which are overlapped by those of silk fabric, due to the presence of the same amine and amide groups on both silk and chitosan [31] .
These spectra of all the tested samples were very similar suggesting that the addition of chitosan had no effect on the positions of the characteristic peaks of both cotton and silk fabrics. This indicated that the chitosan was not chemically bound to the fabric but was physically adsorbed on the fabric surface and can only penetrate within the fibers [32] .
XRD
X-ray diffraction data for polymers generally provide information about crystallinity, crystal size, orientation of the crystallites and phase composition in semi-crystalline polymers. The XRD pattern of all tested cotton and silk fabric samples showed several peaks. Cotton samples pattern revealed three peaks centered at 2θ≈ 14°, 16°, 22°. All appeared peaks are broad except the fundamental one at 22° which is sharp, meaning crystalline phase of the samples. On the other hand, silk samples patterns clarified peaks at 2θ≈ 19°, 22° and 25°. The fundamental peak of silk samples appeared at 2θ≈ 22°. The crystallinity index of the tested samples can be calculated from the equation [33] :
where, If: is the intensity of the fundamental peak and If: is the intensity of the secondary peak. Also, the average particle size can be calculated using Debye-Scherrer formula:
where: λ: is the wavelength of XRD (1.541 nm), β: is the full width at half maximum (FWHM), θ: is the diffraction angle and D: is the particle size diameter.
From the obtained results listed in Table 4 it is clear that, the crystallinity/amorphousity ratio of the cotton samples increased after coating giving nearly comparable values. While, the crystallinity /amorphousity ratio of the silk samples increased after coating with electrosprayed nano with more than that after coating with bulk chitosan comparing to the untreated samples. This could be explained by the higher surface area to volume ration of electrosprayed nano chitosan having plenty of hydroxyl and amino groups which could form strong intermolecular hydrogen bonds, alongside with the higher porosity of the fabric molecules which efficiently enhance the regularity of the particles leading to increasing the crystallite regions [34, 35] .
In considering the chitosan particle size calculated using equation (2) and listed values in Table 4 , it is obvious that, the particle size of chitosan is minimized to the nano scale after electrospraying as a result of the used high voltage, which could affect all the investigated properties of the treated fabric samples as discussed above.
SEM
The possible changes of the surface morphology of the uncoated and coated fabric samples have been evaluated by scanning electron microscope (SEM). Comparing the SEM images (Fig. 5 a-h) ; there are morphological changes clearly obvious between uncoated (blank) and coated tested samples. It is obvious that, the untreated cotton and silk samples' surfaces are clean and smooth (Fig. 5a, 5e) . While, the pad-dry cure treatment (Fig. 5b, 5f ) offered a smooth homogeneous chitosan film layer coated the fibers surface in the bulk size. Regarding to the electrosprayed cotton samples (Fig. 5c, 5d ) it is noticed that, chitosan turned into nano size forming a layer penetrated the intermolecular spaces between the fibers. When measuring chitosan particle size in this case it was found that the sizes in the nano scale larger than 100 nm, this result agrees well with the previously reported chitosan works [36] . Discussing the electrosprayed silk samples (Fig.  5g, 5h) we can see that, nano formed chitosan appear as granules on the sample surface, when magnifying the image we observed that the particle size of the electrosprayed chitosan is more than 100 nm as shown in Fig. 5h . This finding can be related to the fact that the flow rate and the voltage applied to the electrosprayed solution have a great effect on the particle size, i.e. there is a converse relationship between the particle size and flow rate [37] .
Conclusion
The purpose of this study is to offer ecofriendly and economically multifunctional modified natural fabrics which can be used in several hygiene and medical applications. The goal of this research work was achieved by applying chitosan as a biodegradable eco-friendly finishing agent on both cotton and silk textile fabrics using two different application techniques, i.e. paddry-cure and electrospraying, then characterizing and evaluating the two techniques. The coated samples were evaluated for antibacterial activity against gram +ve and gram -ve bacteria, UV protection degree through evaluating UPF values and the wetting measurement by measuring the water contact angle on the fabric surface. Also, the electrical properties of the coated fabric samples were measured. All the tested samples were characterized via FTIR, XRD and SEM. The obtained results depicted that; electrosprayed nano chitosan samples showed superior results over the examined pad-dry-cure coated samples for all investigated characteristics.
All these characteristic features revealed the high potential of electrosprayed nano chitosan as an eco-friendly, cost effective finishing agent for cotton and silk fabrics which can be subjected to several hygiene and/or biomedical uses. It is also found that, the nanosprayed treated samples work as a conductive fabric through coating treatment showing protection against static electricity charge and electromagnetic interference adding another application of the treated textile samples which can be subjected to the electromagnetic shielding applications. 
